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Abstract 
The adolescent offspring of depressed parents are at heightened risk of developing early onset 
Major Depressive Disorder (MDD) yet are unlikely to access services.  One solution involves 
asking parents about the adolescents’ symptoms in order to identify those in need of additional 
assessment. We aimed to identify a  parsimonious combination of parent-reported symptoms that 
accurately detected offspring MDD. We used a multi-sample study comprising a development 
sample of 335 offspring of adults with recurrent MDD assessed on three occasions (mean age 
12.4-14.8 years) and an independent validation sub-sample of 807 adolescents drawn from a 
general population cohort (mean age 13.1 years). Parent ratings of psychiatric symptoms in 
adolescent offspring were assessed using established questionnaires and analysed using 
multivariate regression.  The best performing combination of symptoms was identified. 
Accuracy in detecting concurrent DSM-IV MDD diagnosis, assessed by direct adolescent and 
parent interviews, was compared to the well-established 13-item short Moods and Feelings 
Questionnaire (sMFQ) using ROC curve analysis.  We identified a symptom combination of four 
items (concentration problems, anhedonia, worrying excessively and feeling unloved) which 
performed equivalently to the sMFQ both in the development dataset (combination  C-index 
(mean)= 0.83; sMFQ  C-index(mean)=0.84) and in the validation dataset (combination  C-
index= 0.82; sMFQ  C-index=0.83). We concluded that a combination of four parent-reported 
mental health items performs equivalently to an established, longer depression questionnaire 
measure in detecting a diagnosis of adolescent major depressive disorder among offspring of 
parents with recurrent MDD and needs further evaluation. 
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 Highlights:  
 We focused on major depressive disorder (MDD) in adolescent offspring of adults with 
recurrent MDD 
 We examined whether a few particular symptoms of psychopathology (from established 
questionnaires) would detect adolescent MDD at similar accuracy to a longer, established 
questionnaire measure.  
 We identified that if at least two of four symptoms (anhedonia, concentration problems, 
worrying excessively and feeling unloved) were reported to be present in adolescent 
offspring by parents,  then accuracy in detecting MDD was similar to that achieved by a 
longer, established questionnaire measure. 
 We identified that if fewer than 2 parent- reported symptoms were present then MDD 
was highly unlikely to be present. 
 
1. Introduction  
 
Individual depressive symptoms are extremely common in adolescence (Kubik et al.,2003) and 
most resolve spontaneously (Rushton  et al., 2002). However if symptoms are persistent and 
multiple this may indicate Major Depressive Disorder (MDD), a much more serious, debilitating 
problem with a substantially increased risk of serious sequelae, including suicide and long-term 
health risks (Lopez et al., 2006; Thapar et al., 2012). There are strict criteria for defining MDD 
using internationally applied classification systems (American Psychiatric Association , 2013; 
World Health Organization, 1992) based on psychiatric interview but for day-to-day practice, 
questionnaires to detect depression in adolescents using these criteria have been designed 
(Angold et al., 1995a).  
 
Despite its importance, MDD in adolescence is still often unrecognised or untreated (Kramer et 
al., 1998; Coyle et al., 2003; Potter etal., 2012).  The offspring of parents with recurrent MDD 
are at particular risk for developing more serious and impairing depression in adolescence but are  
less likely to go for treatment compared to offspring of non-depressed parents (Weissman et al., 
1997).  Key factors may include the reluctance of many adolescents to present psychological 
problems to a medical professional (Mauerhofer et al., 2009) and parental factors (Wu et al., 
1999; Festen et al., 2014).  Depressed parents are often well known to services (Hutton and 
Gunn, 2007; Institute of Medicine, 2009) and accurate detection of disorder is likely to be 
enhanced in this group of adolescents given that depression prevalence rates are elevated 
(Institute of Medicine, 2009; Kent et al., 1997; Wood et al., 1995).  Moreover, the importance of 
early interventions in young people at high familial risk of depression has been highlighted 
(Beardslee et al., 2013). Thus the question of how access to assessment and treatment services 
can be improved in adolescents at high risk for early-onset, impairing depressive disorder could 
lie in the parents of these adolescents: Whilst it is often regarded that depression is best rated by 
the adolescent themselves, particularly for older adolescents, there is strong evidence to support 
the validity of adolescent symptoms as reported by parents, most often mothers, (Rice et al., 
2007; De Los Reyes and Kazdin,  2005) and both maternal and adolescent reports of adolescent 
depressive symptoms show association with longer-term functional outcome in adolescents (Rice 
et al., 2007).  Thus, information provided by depressed parents about their offspring’s depressive 
symptoms seems to be a reliable indicator of underlying depressive disorder (Lewis et al., 2012).  
There is also evidence to suggest that depressed parents may be especially sensitive at 
identifying depressive symptomatology in their children (Richters and Pelligrini, 1989; 
Weissman et al., 1987) suggesting that they may provide valuable information about their child’s 
mental health  
 
Given the importance of time constraints in both primary and secondary care (Linzer et al., 2000; 
Hutton and Gunn, 2007; Konrad et al., 2010) a strategy to reduce time outlay on detecting 
depression would seem to be worthwhile. Such strategies would need to lead to an accurate 
diagnosis  given the concerns of parents and adolescents about stigma and other impacts of 
labelling (Fenten et al., 2014). Despite some promising results (Kroenke et al., 2003; Richardson 
et al., 2010) the accuracy of ultra-short (one/two item) question screens in detecting depression 
has been questioned (Mitchell and Coyne, 2007).  Indeed,  full questionnaires (9 or more item) 
generally seem to perform better both in adults (Thapar et al., 2014; although see Zimmerman et 
al., 2010) and adolescents (Allgaier et al., 2012; Rhew et al., 2010).  Despite the fact that 
parental reports of adolescent depressive symptoms may be useful in overcoming some of the 
barriers to accessing services for adolescents at high-risk of depression, the use of abbreviated 
screens to detect adolescent depression in this group  with parent reports  has yet to be evaluated.  
 
The present study utilised a completed three-wave study of the high-risk adolescent offspring of 
parents with recurrent MDD to investigate the following primary aims: 
1)  Identify the most parsimonious combination of parent-reported mental health symptoms that 
accurately detects a diagnosis of major depressive disorder (MDD) in their high-risk offspring, 
assessed by gold standard direct interviews. 
2) Examine whether this parent-reported combination of symptoms is as effective in detecting 
depression as a well validated, widely used 13-item adolescent depression questionnaire (the 
short MFQ). 
 
A secondary aim was to replicate findings in an independent dataset, for a similarly defined 
subgroup of adolescents with a recurrently depressed parent. 
 
 
2.Methods 
2.1. Subjects 
Two samples were used in this analysis: one to identify the combination of items and a second, 
independent sample to validate the findings. 
1) Development dataset:  The Early Prediction of Adolescent Depression (EPAD) study. This 
was a prospective, longitudinal study of 337 high-risk offspring of recurrently depressed parents 
identified mainly from UK Primary Care (Mars et al., 2012).  Parent recurrent depression was 
defined as at least two episodes of DSM-IV defined MDD, later confirmed using a diagnostic 
interview. Information from parents and children were simultaneously collected prospectively at 
three time points approximately 12-16 months apart. 
 2) Validation dataset: The Avon Longitudinal Study of Parents and Children (ALSPAC) is a 
birth-cohort set up to examine genetic and environmental determinants of health and 
development (Boyd et al., 2013). The initial cohort consisted of 14,541 pregnant women resident 
in the former county of Avon, United Kingdom who had an expected date of delivery between 1st 
April 1991 and 31st December 1992 (www.alspac.bris.ac.uk). For information on all available 
ALSPAC data see the fully searchable data dictionary 
(http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary). A sub-sample was 
selected comprising offspring of mothers who had reported recurrent depression in the past on at 
least 2 separate time points during the lifetime of the child with at least one of these being self-
rated as severe with complete data on the relevant assessments.  Ethical approval for the study 
was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics 
Committees and the Wales Multicentre Research Ethics Committee.     
 
2.2. Measures  
2.2.1. Parent-report symptom screens 
We used parent rated information on offspring mental health from the 25-item Strengths and 
Difficulties Questionnaire (SDQ) ( Goodman, 1997)and the 13-item Short Moods and Feelings 
Questionnaire (sMFQ) (Angold et al., 1995a) at the three data points in the development dataset 
(concurrent interview data available) and at the time point in the validation dataset closest to 
when the diagnostic assessment was performed. 
The sMFQ has been shown to be a valid measure to detect depression (Angold et al., 1995; 
Thapar and McGuffin, 1998; Kuo et al., 2005). Parents rated whether their child had a particular 
symptom either over the previous three months (development dataset) or over the previous 2 
weeks (validation dataset) using a three point scale (“not true”, “somewhat true” and “definitely 
true”).  
The SDQ is a more general measure of child psychopathology (with items on mood, behaviour 
and social difficulties). Parents rated whether or not their child had had these symptoms, 
behaviours or difficulties over the previous 6 months using a three-point scale (“not true”, 
“somewhat true” and “certainly true”). 
For all items on both questionnaires both “true” responses were merged.  This was done in order 
to simplify the questions,  reduce respondent burden, align with standard clinical and diagnostic 
practice where symptoms are usually viewed as present or absent (Angold et al., 2000) as well as 
to aid interpretation of odds ratios.   
 
2.2.2. Childhood research diagnostic interviews  
2.2.2.1. The Child and Adolescent Psychiatric Assessment (CAPA) (Angold et al., 2000) is a 
semi-structured psychiatric diagnostic interview and used in the development dataset. Both child 
and parent were separately interviewed.  For this analysis, symptoms endorsed by either child or 
parent were used to generate DSM-IV diagnoses that were further checked by clinical consensus 
(reviewed by two consultant child and adolescent psychiatrists).  
2.2.2.2. The Development and Well-Being Assessment (DAWBA (Goodman et al., 2000) is a 
semi- structured diagnostic instrument completed by parents and was used in the validation 
dataset when the child was aged 13 years. The results are expressed as a probability of the child 
having MDD and, as recommended, all those with a >50% probability were coded as having 
MDD (Goodman et al., 2011). 
 
2.3. Analysis  
2.3.1. Development dataset 
Taken together, the parent-reported SDQ and sMFQ included a total of 38 potential mental 
health items. After initial univariate analysis (to identify a sub-sample of items significantly 
associated with offspring MDD diagnosis at every wave- (see Supplementary Table 3)), 
multivariate analysis (forward stepwise regression) was then used to identify significant 
predictors of MDD at each wave.  Finally the best performing 4 items were selected 
(“combination”) based on the consistency of associations across all or most waves and the 
highest odds ratio if only predictive at a single wave.  The performance of this 4-item 
combination for detecting concurrent MDD (as the outcome), was compared to that for the 
sMFQ at each time point using ROC curve analysis..  Comparative predictive validity of the 
combination to the sMFQ was also examined, using MDD at a future time point (irrespective of 
baseline status) as the outcome.  
 
 
 
 
2.3.2. Validation dataset 
To examine whether the pattern of findings from the development dataset could be replicated 
the performance of this combination score (derived from the same items as in the development 
dataset) was compared to the sMFQ score for detecting concurrent MDD (derived from the 
DAWBA assessment) using ROC curve analysis. 
 
The Youden index was used to determine the optimal cut-off from ROC curve analysis.  The 
areas under the curve (AUC, C-index) for the combination and for sMFQ were compared using 
the STATA “roccomp” option.  SPSS Version 20 and STATA version 13 were used for analyses. 
 
 
3. Results 
 
3.1. Development dataset 
For figures detailing recruitment and retention see Supplementary Material. The eligible sample 
at baseline consisted of 335 high-risk offspring of recurrently depressed parents (Lewis et al., 
2012, Mars et al., 2012). 313 of these parents were mothers (93.4%) and 22 were fathers (6.6%). 
Three hundred and twenty six individuals (97.3%) provided complete interview and 
questionnaire data at least at one time point.  Of these 326 individuals, 287 (88.0%) provided 
complete interview and questionnaire data for at least 2 time points. The mean age at baseline 
(Wave1) was 12.4 years (SD 1.9 years) with a range of 9-17 years, 56.7% were female and 27 
adolescents (21 girls and 6 boys) met criteria for MDD. At Wave 2 the mean age was 13.7 years 
(SD 2.0 years), 59.9% were female and 26 (20 girls and 6 boys) had MDD. At Wave 3 the mean 
age was 14.8 years (SD 2.0 years), 58.2% were female and 28 (22 girls and 6 boys) had MDD.    
In univariate tests of association between individual parent-reported mental health items and 
MDD diagnosis, 17 (6 from the SDQ and 11 from the MFQ) of the 38 items on both 
questionnaires were significantly associated with interview-confirmed MDD diagnosis at all 
three waves (Supplementary Material-Table 3).  These 17 items were then entered into a forward 
stepwise multivariate regression. Only 7 of these items were associated with MDD as diagnosed 
by clinical interview at any interview phase (see Table 1). The incremental improvement in 
Nagelkerke R2 resulting from the addition of each item for each wave in the development dataset 
is detailed in Supplementary Material 4. 
 
The four items selected to be included in the final combination were on the basis of consistency 
of associations across all or most waves (“hard to think properly or concentrate” (from sMFQ) 
and “didn’t enjoy anything at all” (from sMFQ)) or from the magnitude of the odds ratio at a 
single wave (“many worries…often seems worried” (from SDQ-first wave) and “thought nobody 
really loved him/her” (from sMFQ-third wave)).  
 
Using ROC curve analysis, the combination was compared to the sMFQ with concurrent 
adolescent MDD as the outcome variable. The results for a range of scores are presented in Table 
2 and graphically in Figure 1. 
 
 
 
3.2. Validation dataset 
In this sample of 807 offspring of mothers who had recurrent depression with complete data on 
sMFQ and DAWBA (53% female, 47%  male, mean age 13.1 years), 24 adolescents  (12 boys 
and 12 girls) met criteria for MDD (depression point prevalence of 2.7%). 
ROC curve analysis was again used to compare the combination derived from the validation 
dataset to the sMFQ using a diagnosis of MDD (derived from the DAWBA interview) as the 
outcome variable (Table 3). Similar results were obtained for the combination and sMFQ. 
 
3.3. Predictive validity.  
Using the development dataset, the combination was compared to sMFQ for performance in 
detecting all those individuals with depression at a future time point (irrespective of baseline 
status (Tables 4 and 5).  The combination and the sMFQ were able to detect later MDD with 
similar levels of sensitivity and specificity.    
 
 
4.Discussion  
 
A combination of four parent-reported, mental health items performed as well as a well-
established, widely used depression screening questionnaire (sMFQ) in detecting both concurrent 
and future adolescent MDD amongst offspring of parents with recurrent depression.  These 
findings were replicated in an external dataset using similar criteria for selection of parents.  
 
We found that, for adolescent offspring of depressed parents, if at least two out of four parent-
reported mental health symptoms were present then MDD could be detected as accurately as by 
using an established longer depression questionnaire. Conversely if less than two of these four 
symptoms were present then MDD was highly unlikely. There have been no previous studies 
reporting on briefer methods for detecting a likely depression diagnosis in adolescents when it is 
their parents who report on symptoms. In adolescents from the general population some studies 
have reported on the use of shorter depression questionnaires, such as the PHQ-2 (Kroenke et al., 
2003), using self-report in either hospital or out-patient settings (Richardson et al., 2010; Allgaier 
et al., 2012) with adequate performance as a depression screen but lower accuracy than longer 
measures (Allgaier et al., 2012; Rhew et al., 2010) for detecting current depression.  
 
The four items we found in the best performing combination were anhedonia, poor 
concentration, excessive worrying and feeling unloved.  Some of these items map well onto 
findings from neurobiological research highlighting the importance of reward- and fear-related 
brain circuitry in depression as well as cognitive deficits (Thapar et al., 2012; Hasler et al., 2004) 
but yet are under-recognised in their role in detecting depression.  Interestingly, a study focusing 
on the mothers of the children in our development dataset found that anhedonia and poor 
concentration (along with low mood and restlessness) accurately detected adult depressive 
disorder relapse (Thapar et al., 2014). The most consistent findings from other studies on 
depression symptom clusters also highlight concentration problems (Sund et al., 2001; Cole et 
al., 2011).  Many studies which have examined this topic are either wholly questionnaire based 
or have used a non-validated psychiatric interview.  The heterogeneity of depression (Hasler et 
al., 2004) and age, gender and cultural case mix may also be relevant (Fu-I andWang, 2008).  
Thus it may be that this combination of items performed well in detecting MDD in part because 
it assesses several disparate aspects of depressive symptomatology.   
 
In this study we used parent ratings of mental health in their offspring to detect depression.  
Parents with recurrent depression seem to provide accurate ratings of mental health symptoms in 
their offspring  and these ratings seem at least as accurate as self-ratings by the child themselves 
in detecting depression (Rice et al., 2007; Lewis et al., 2012) although child reports are needed to 
assess suicidality (Rice et al., 2007).  Moreover these offspring are an easily identifiable risk 
group and preventive forms of psychological therapy and psycho-education have shown efficacy 
in preventing the onset of MDD and in improving understanding about depression and reducing 
symptoms of distress respectively (Garber et al., 2009; Beardslee et al., 2003). Either asking the 
parent about their offspring's mental health or making parents aware of key symptoms to look 
out for in their adolescent offspring would seem to offer the advantage of working in partnership 
with the parent to determine the most appropriate method of engaging with and helping their 
child (Wu et al., 1999;  Festen et al., 2014).  Working sensitively in partnership with parents is 
likely to be important given that parents can sometimes act as a barrier to children with 
depression accessing services (Wu et al., 1999).  Conversely if major depressive disorder can be 
confidently excluded this may again ensure care is appropriate.  
 
4.1. Strengths and limitations 
 The original study was a community based high-risk longitudinal study with comprehensive 
questionnaire assessment of adolescent health and functioning as well as a detailed, validated 
psychiatric interview so that accurate diagnoses of psychopathology could be made.  High 
completion rates were noted with over 97% of the eligible sample providing at least one set of 
complete interview and questionnaire data and over 85% of the eligible sample provided 
complete information from at least two time points. The findings of the analysis were consistent 
across all three waves of this dataset at different mean ages of the adolescent.  A major strength 
of the analysis reported in this paper was that the findings were replicated using data from a 
second, large independent sample.  Moreover the validation dataset used a different psychiatric 
assessment to generate child/adolescent diagnosis of MDD giving additional evidence of validity 
of the findings.  High values for the negative predictive value for scores below the cut-off also 
highlight the value of this measure in excluding depression.    
However several limitations also need to be noted.  Only modest values for positive predictive 
value (PPV) for our combination were obtained.  However these results are not only similar to 
those for the sMFQ, but also to those from other studies (Fu-I andWang, 2008; Katon et al., 
2008).  The prevalence of MDD was modest for both datasets (hence the PPV values) but is 
likely to relate to the age of the samples as many adolescents had not passed the age of maximum 
risk for depression (Weissman et al., 1997). Moreover the rates are higher than the prevalence of 
depression at this age found in large community surveys (Ford et al., 2003).  Moreover we used 
point prevalence rates which may underestimate burden as depressive disorder in adolescence is 
marked by relapses and remissions (Thapar et al., 2012).  The lower prevalence of adolescent 
depression in the validation dataset than in development dataset could be related to differences in 
parental depression severity, selective attrition as well as difference in diagnostic methods.  
However the consistent pattern of results across the different samples reinforces the validity of 
the findings.  As with all longitudinal studies there was also some loss to follow-up in the 
development dataset and baseline depression scores were slightly higher amongst subsequent 
non-responders.  However the findings were consistent across waves and loss to any follow up 
was small as noted above.  There was also a nine month gap between questionnaires and the 
DAWBA interview in the validation dataset.  However predictive validity was demonstrated 
over longer time periods (see Table 4) suggesting that this was not a major issue. Finally the 4 
items selected for the scale were embedded in longer questionnaires so one cannot be certain 
about the performance of these items if administered in a separate scale. 
 
In conclusion, a combination of four parent reported mental health items appears to accurately  
detect concurrent and future MDD in the adolescent offspring of parents with recurrent 
depression. These mental health items perform as well as an established, longer depression 
questionnaire in correctly identifying MDD. These findings require further replication to 
establish it is these mental health items rather than the measures from which they were derived 
that are crucial.  If this is the case, parents can be asked or advised about these items verbally 
rather than by using "paper and pen" measures. Such an approach may in future offer the 
valuable opportunity of incorporating rapid parent-based screening for adolescent depressive 
disorder and allow more time for a more comprehensive mental health screen with adolescents 
that could be used by those responsible for providing mental health care for families where the 
parent has a history of recurrent, severe depression.  
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Table 1 : Results of multivariate(MV) forward stepwise logistic regression using concurrent 
adolescent MDD as the outcome at each Wave. 
 
 Wave 1(n=316) R2 =0.33 Wave 2(n=253) R2 =0.32 Wave 3(n=268) R2 =0.39 
Significant symptoms from 
forwards conditional 
stepwise regression  
Main MV 
Predictor in 
this wave? 
Odds ratio 
(95% 
confidence 
intervals 
Main MV 
Predictor in 
this wave? 
Odds ratio 
(95% 
confidence 
intervals 
Main MV 
Predictor in 
this wave? 
Odds ratio 
(95% 
confidence 
intervals) 
Lack of enjoyment  Yes 3.1  
(1.2-8.0) 
Yes  3.4 
(1.3-9.1) 
No  
Problems with 
concentration 
Yes 3.1 
(1.1-8.4) 
Yes 6.6 
(2.0-21.6) 
Yes 3.8  
(1.3-10.9) 
Problems with excessive 
worrying 
Yes 9.4 
(1.2-73.8) 
No  No  
Viewed themselves as 
being not as good as 
others   
No  Yes 3.2 
(1.2-8.4) 
No  
Tiredness  Yes 3.3 
(1.1-9.9) 
No  No  
Loneliness  No  No  Yes 2.9 
(1.1-8.2) 
Feeling unloved No  No  Yes 8.4 
(3.0- 23.1) 
 
Table 2: Comparison of the four-item combination of symptoms to the established short Moods and 
Feelings Questionnaire (sMFQ) at three waves using different cut off points for the detection of 
Major Depressive Disorder in the development dataset. 
                               
Measure (no.) Sensitivity 
% 
Specificity 
% 
PPV 
% 
NPV 
% 
LR+ LR- AUC (95%CI) 
Comparing ROC curves  Cut off 
  
WAVE 1                                        (% MDD=8.2%, n=26) AUC(sMFQ)=AUC(combination) Χ2 =  0.18 p=0.67  
13 item  sMFQ (n=316)                    0.83 (0.76- 0.91) 
≥4 92.3  56.6  16.0 98.8 2.12 0.14  
≥5# 88.5  62.8  17.6 98.4 2.38 0.18 
≥6* 76.9  69.7  18.5  97.1 2.54 0.33 
≥7 76.9  74.1  21.0 97.3 2.97 0.31 
≥8 61.5  81.0  22.5 95.9 3.24 0.47 
≥9 57.7  83.8  24.2 95.7 3.56 0.50 
≥10 53.8  87.9  28.5 95.5 4.46 0.52 
≥11 50.0  90.0  31.0 95.2 5.00 0.56 
4 item combination(n=316)                     0.84 (0.77—0.92) 
≥1 96.2  33.4 11.5 99.0 1.44 0.11  
≥2#* 92.3  62.4 18.0 99.0 2.46 0.12 
≥3 65. 4 85.5  28.8 96.5 4.51 0.40 
≥4 38.5 95.5 43.4 94.5 8.58 0.64 
  
WAVE 2                                          (% MDD=9.4%, n=24) AUC(sMFQ)=AUC(combination) Χ2 =  0.24 p=0.73 
13 item  sMFQ (n=256)                   0.81 (0.73- 0.89) 
≥4 87.5  63.8  20.0 98.0 2.42 0.20  
≥5 79.2  69.8  21.3 97.0 2.62 0.30 
≥6#* 75.0  75.4 24.0 96.7 3.05 0.33 
≥7 62.5  78.9 23.5 95.3 2.96 0.48 
≥8 58.3  85.3  29.1 95.2 3.99 0.49 
≥9 41.7 88.4 27.1 93.6 3.59 0.66 
≥10 41.7 91.4 33.4 93.8 4.83 0.64 
≥11 33.3  92.2  30.6 93.0 4.30 0.72 
4 item combination (n=256)                    0.80 (0.71- 0.90)  
≥1 91.7  37.5  13.2 97.8 1.47 0.22  
≥2*# 83.3  69.8  22.2 97.6 2.76 0.24 
≥3 50.0 86.2 27.3 94.3 3.62 0.58 
≥4 33.3  97.4  57.0 93.4 12.89 0.68 
  
WAVE 3                                     (% MDD=9.7%, n =26)  AUC(sMFQ)=AUC(combination) Χ2 =  0.92 p=0.34 
13 item sMFQ (n=268)                  0.89 (0.81- 0.95) 
≥4 88.5   67.4 22.6 98.2 2.71 0.17  
≥5 84.6  77.7  29.0 97.9 3.79 0.20 
≥6*# 80.8  83.2  34.1 97.6 4.89 0.23 
≥7 73.1 85.5  35.1 96.7 5.05 0.31 
≥8 73.1  88.0  39.6 96.8 6.10 0.31 
≥9 69.2  90.9  44.0 96.5 7.62 0.34 
≥10 61.5  93.0  48.6 95.7 8.76 0.41 
≥11 61.5  94.6   55.0 95.8 11.46 0.41 
4 item combination (n=268)                    0.86 (0.80- 0.94) 
≥1 100.0  45.4  16.4 100 1.83 0.00  
≥2* 80.8  71.1 25.0 98.5 2.79 0.27 
≥3# 65.4 88.8 38.5 96.0 5.86 0.39 
≥4 34.6 97.1 56.2 93.3 11.97 0.67 
* overall cut point for defining a DSM diagnosis of depressive disorder based on overall  highest Youden index (sensitivity + specificity -1) across all 3 waves 
#highest Youden index for each wave                       cut-off recommended in literature 7 
Figure 1: ROC curve analysis comparing the four-item combination of symptoms to the established 
Short Moods and Feelings Questionnaire (sMFQ) at Wave 1 for the detection of Major Depressive 
Disorder in the development dataset. 
 
 
0.
00
0.
25
0.
50
0.
75
1.
00
0.00 0.25 0.50 0.75 1.00
1-Specificity
sMFQ  ROC area: 0.83 4-item Combination ROC area: 0.84
Reference
Table 3 : Comparison of the four-item combination of symptoms to the established Short Moods 
and Feelings questionnaire (sMFQ) using different cut off points for the detection of Major 
Depressive Disorder in the validation dataset.                               
 
 
Measure (no.) Sensitivity 
% 
Specificity 
% 
PPV 
% 
NPV 
% 
LR+ LR- AUC (95%CI) 
Comparing ROC curves  
Cut off 
  
           (% MDD=2.73% n=24 )                           AUC(sMFQ)=AUC(combination) 
                           Χ2 =  0.17 p=0.7  
13 item  sMFQ (n=807)                    0.83 (0.76- 0.91) 
≥4 86.4 66.5  6.7 99.4 2.58 0.21  
≥5# 86.4  73.9  8.5 99.5 3.31 0.18 
≥6* 68.2  79.2  8.4 98.9 3.28 0.40 
≥7 63.6  83.2  9.6 98.8 3.78 0.44 
≥8 59.1  86.4  10.9 98.7 4.34 0.47 
≥9 50.0  88.9  11.2 98.4 4.51 0.56 
≥10 50.0  90.3  12.6 98.5 5.16 0.55 
≥11 40.9  92.4  13.1 98.2 5.35 0.64 
4 item combination (n=798)                  0.82 (0.74- 0.90) 
≥1 95.2  48.5 4.9 99.7 1.85 0.1  
≥2#* 76.2  73.9 7.6 99.1 2.92 0.32 
≥3 52.4  86.6  9.9 98.5 3.91 0.55 
≥4 38.1  94.3  15.6 98.2 6.73 0.66 
*optimal cut point for defining a DSM diagnosis of depressive disorder based on highest Youden index in original sample (sensitivity + specificity -1) and 
specificity ≥70%. cut-off recommended in literature  
#highest Youden index for each wave                       
Table 4: Comparison of the four-item combination of symptoms to the established Short Moods and 
Feelings Questionnaire (sMFQ) to predict later (persistent or new onset) Major Depressive Disorder 
in future waves in the development dataset.     
 
 
 Wave 2 MDD Wave 3 MDD 
 Area under 
curve  
95% CI Area under 
curve                       
95% CI 
Wave 1 4-item combination  0.73 0.64 0.82 0.76 0.66 0.86 
Wave 1 sMFQ 0.75 0.66 0.83 0.81 0.73 0.89 
 AUC  sMFQ=  AUC combination  n=279, Χ2 =  0.45  p=0.50 N=273, Χ2 =  3.45  p=0.06 
 
Wave 2 4-item combination    0.71 0.60 0.82 
Wave 2 sMFQ    0.71 0.61 0.82 
AUC  sMFQ=  AUC combination    N=253, Χ2 =  0.01  p=0.93 
 
Table 5: Cut-off points for four-item combination of symptoms and Short Moods and Feelings 
Questionnaire (sMFQ) measured at Wave 1 for detecting Wave 3 Major Depressive Disorder in the 
development dataset. 
 
Measure (no.) Sensitivity 
% 
Specificity 
% 
PPV 
% 
NPV 
% 
LR+ LR- AUC (95%CI) 
Comparing ROC curves 
 
WAVE 3                                          (% MDD=9.70%) AUC(sMFQ)=AUC(combination) Χ2 = 3.45  p=0.06 
Wave 1 13 item sMFQ (n=273)                  0.81 (0.73- 0.89) 
≥4 81.5  59.4  17.7 96.8 2.00 0.31  
≥5 74.1  65.0  18.5 95.9 2.12 0.40 
≥6* 70.4 72.0  21.3 95.8 2.51 0.41 
≥7# 70.4  76.8  24.6 96.0 3.04 0.39 
≥8 51.8  83.3  25.0 94.1 3.11 0.58 
≥9 51.8  85.8  28.2 94.3 3.64 0.56 
≥10 44.4  89.4  31.0 93.7 4.21 0.62 
≥11 40.7  91.5  34.0 93.5 4.77 0.65 
Wave 1 4 item combination (n=273)                    0.76 (0.66- 0.86) 
≥1 88.9  35.8 12.9 96.8 1.38 0.31  
≥2#* 77.8  64.6  19.1 96.4 2.2 0.34 
≥3 48.2  87.0 28.5 94.0 3.70 0.60 
≥4 25.9  96.3  42.9 92.4 7.08 0.77 
*optimal cut point for defining a DSM diagnosis of depressive disorder based on highest Youden index in original sample (sensitivity + specificity -1) and 
specificity ≥70%. cut-off recommended in literature  
#highest Youden index for each wave                       
 
 
 
  
Supplementary Material 1 
STROBE (von Elm et al.,2007)  diagram: Recruitment In Development Dataset (based on Mars et al., 
2012) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Database of 
previously 
identified adults 
with recurrent 
unipolar 
depression from 
the community 
62 GP surgeries 
across South 
Wales 
 
 
Identified parents with 
recurrent depression 
using depression read 
Volunteer/other 
 
 
 
Posters in local health 
centres and hospitals 
and the depression 
alliance newsletter 
161 responses 700+ responses <50 responses 
Exclusions 
 
Adult (parent) not suffered with recurrent unipolar depression (at least 2 episodes) 
Presence of a previous psychotic or bipolar diagnosis in adult (parent) 
Child not biologically related to depressed parent or not aged 9-17 years 
81 adults (families) 
booked 
368 adults (families) 
booked 
20 adults (families) 
booked 
Exclusions 
17 withdrew: 
 
 
11 changed mind prior 
to assessment 
 
5 assessments were 
incomplete 
 
1 withdrawn post 
assessment due to 
bipolar diagnosis 
105 withdrew: 
 
 
96 changed mind prior to 
assessment 
 
6 assessments were 
incomplete 
 
1 withdrawn as child unable 
to do assessments due to 
learning disabilities 
 
10 withdrew: 
 
 
9 changed mind prior 
to assessment 
 
 1 assessment not 
completed due to 
bipolar and 
personality disorder 
diagnosis 
Final recruited sample 
 
337 families:  index parent (315 females and 22 males) and child (197 females and 140 
 Supplementary Material 2 
Flow Chart of Retention At Each Assessment in Development Dataset(based on Mars et al., 
2012) 
 
 
 
 
 
 
 
 
 
 
 
Eligible sample at baseline: 337 
families 
Sample at time one assessment: 335: 
335 completed interview , 318 completed  
questionnaires  
316 had concurrent information from both interviews 
Diagnosis of bipolar 
disorder in affected 
parent between 
Sample at time two assessment: 321 (mean interval 16.2 (sd 2.69) months 
after baseline assessment : 
286 completed interviews , 287 completed  questionnaires  
256 had concurrent information from both interviews and questionnaires   
 
Sample at time three assessment: 310 (mean interval 12.5 (sd 1.56) 
months after first wave assessment : 
283 completed interviews, 296 completed  questionnaires  
268 had concurrent information from both interviews and 
questionnaires   
Declined time two 
assessment 
 (n = 14) 
 
Declined time three 
assessment (n = 25) 
 
Sample at either follow-up 
96.7% retention; n = 
324/335)  
            Declined both 
Supplementary Material 3  
Results Of Univariate Analysis For Individual SDQ And MFQ Items With Concurrent MDD As 
Assessed By CAPA Interview As Outcome In The Development Dataset  
SDQ items  
Item  Description Wave 1 p value Wave 2 p value Wave 3 p value 
3 ..headaches, stomach aches  .013 .030 .0010 
8 Many Worries….. .000 .002 .002 
13 Often unhappy…. .000 .001 .000 
16 Nervous or clingy… .007 .004 .06 
24 Many fears…… .009 .012 .000 
5 Often has temper tantrums… .228 .132 .50 
7 Generally obedient….. .108 .0.26 .40 
12 Often fights with other children .. .317 .42 .32 
18 Often lies or cheats .80 .30 .80 
22 Steals from home,school…/ .40 .07 .10 
2 Restless, overactive….. 1.0 .03 .20 
10 Constantly fidgeting…. 1.0 0.1 0.1 
15 Easily distracted… .677 .10 .20 
21 Thanks things out before acting 1.0 0.010 0.10 
25 See tasks through to the end … .30 0.02 0.07 
6 Rather solitary…. .03 .02 .002 
11 Has at least one good friend  .582 .01 .30 
14 Generally liked by other children 1.0 .50 .10 
19 Picked on..bullied by other children .80 .08 .005 
23 Gets on better with  adults . .007 .017 .018 
1 Considerate..other people’s feelings 1.0 1.0 .03 
4 Shares readily….. .30 .20 .60 
9 Helpful if someone is hurt …. .08 .30 .60 
17 Kind to younger children 1.0 1.0 .20 
20 Often volunteers to help others 0.015 .70 10 
 
sMFQ items  
 Description Wave 1 p value Wave 2 p value Wave 3 p value 
 Miserable .000 .006 .000 
 Anhedonia .000 .000 .000 
 Tired .000 .009 .003 
 Restlessness  .012 .086 .000 
 No good .000 .000 .000 
 Cried .001 .006 .000 
 Concentration .000 .000 .000 
 Self hate .000 .003 .000 
 Bad person .000 .30 .000 
 Lonely .000 .001 .000 
 Nobody loved them .006 .03 .000 
 Not as good .002 .000 .000 
 Wrong  .001 .003 .000 
Those items with significant results (p≤0.05)  at all three waves highlighted in bold. Used Chi-square test. 
 
 
 
 
 
 
 
 
Supplementary material 4  
Multivariate forward stepwise logistic regression using concurrent adolescent MDD as the outcome 
at each Wave: Incremental validity of each item-for each Wave in the Development dataset (using  
Nagelkerke R2): 
 For Wave 1 , R2  increased from 0.180 (“Lack of enjoyment” alone) to 0.262 (adding “excessive 
worrying”) to 0.298 (adding “Problems with concentration”) to 0.329 (adding “Tiredness”)  For Wave 2 , R2  increased from 0.228 (“Problems with concentration” alone) to 0.285 (adding “Lack of 
enjoyment”) to 0.325 (adding “Not as good as others”).  For Wave 3 , R2 increased from 0.309 (”Feeling unloved” alone) to 0.360 (adding “Problems with 
concentration”) to 0.389 ( adding “loneliness”). 
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